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Introduction

Metsamor NPP is a two unit VVER-440/V-270 type pressutized water reactor, where the
first was commissioned in 1976 and the second in 1980. The plant was stopped in February
1989, as a result of both prevailing political changes and public anxiety following the
devastating December 7, 1988 Spitak earthquake. This was an intensity — 10 (MSK-64
scale) and magnitude 6.9 earthquake, with epicenter some 75 km Northeast from
Metsamor. The plant operated safely during the earthquake. There was no earthquake—
caused damage to the plant. In 1995 the second unit was recommissioned after

implementation of specific plant restoration and 80 safety improvement steps.



The Metsamor units are unique, in several important areas; the model V-270 units had
further advances in design than the basic first-generation V-230 reactors. These include
several seismic capability enhancements, emergency core cooling system improvements,
and sealed accident localization compartment spray capabilities, all of which were later

implemented in the second-generation model V-213 reactors.

Safety Upgrading of Metsamor NPP

After the restart the implementation of safety improvement activities was proceeded
according to the list of activities. In 1998 was developed and agreed with Armenian
Nuclear Regulatory Authority (ANRA) a new modernisation program for the period 1998-
2004. The new program was developed with respect to the IAEA recommendations
included in the IAEA TECDOC-640. The measures on safety improvement were classified
according to their importance for safety. The primary tasks included such activities as
installation of new pressurizer SV, replacement of SG safety valves, installation of main
isolation valves on main steam line, installation of new cooling water system and so on.
The licensing of the mentioned activities implementation is stated and it is on different

stages.
This report highlights in detail the licensing of one modification — replacement of

pressurizer SV, namely the review of accident analyses made in the frames of safety
justification of the modernisation, and also independent calculations, made in the

regulatory authority.

Licensing of PRZ SV replacement

The licensing of modification for PRZ SV replacement is performed under 2+2 approach.
The western TSO Riskaudit renders assistance to the regulatory authority and the Italian
company ENEL renders assistance to the ANPP.

There was developed a scheme for the licensing process. In order to safe the time the
documentation on licensing is submitted to the regulatory authority not on the final stage,

but during the process of development. The scheme of the licensing process is as follows:



Main stages and regulatory points

LS 1
Safety Objectives
Conceptual Design

ANRA
Agreement

LS 2
Technical Requirements
ANRA
Agreement
LS 3
Equipment Manufacturing
and Testing
ANRA
Agreement
LS 4

Engineering Documentation

ANRA
Agreement

LS5
Equipment Installation and > ANRA Witness
Commissioning Tests
LS 6
Permit to Operate
ANRA
! Approval

G’ower OperatioD

The content of licensing report has been defined which must contain safety functions

description, safety analysis, I&C algorithm, analysis of adverse effects, integrity and
operability of PRZ SV, internal and external hazards, classification, qualification, technical
specification for operation (allowed duration of unavailability in different operating states,

testing (after installation and periodic).

Here is the content of licensing report.



Content of Licensing Report

Introduction
2. Summary
a. Safety justification
b. Description of modifications and benefit
3. Design bases
a. Preliminary safety case
b. Reliability requirements
4. Classification criteria
a. Applicable codes and standards
b. Safety class
c. Seismic category
d. Quality Assurance
5. Modification technical Specification
a. Physical requirements
b. Functional requirements
6. Fabrication Specification
a. Components design characteristics
b. Material properties
c. Fabrication process
d. On shop test
e. Functional environmental and seismic qualification
7. Safety analysis
a. Thermal-hydraulic analyses
b. Internal and external hazard analyses
c. Adverse affect analysis
Reliability analyses
Installation specification
Radiological protection
Welds requirements

Seismic analysis

& H SR

Stress analysis
e. Support sizing
10.1&C

11. Man-machine interface



12. Personal training
13. Electrical supply
14. Commissioning tests and program
15. Plant documentation upgrade
a. Operating procedures
b. Plant Technical Specification

c. Emergency Operating procedures

Acceptance criteria

The selection of acceptance criteria for accident analyses is performed on the basis of
Russian documents.
1. PNAEG-1-024-90. Nuclear safety rules of Reactor Installations of NPPs 1991
2. PNAEG-7-008-89. Rules for installation and safe operation of equipment and
pipelines on NPPs 1989 r.
And also the IAEA recommendations:
3. TAEA-EBR-WWER-01 Guidelines for accident analysis of WWER NPPs

The following criteria are selected from the regulatory requirements 1 and 2:

ACI. the pressure in the reactor coolant and main steam systems shall be maintained
below 115% of the design values;

AC2. the fuel rod cladding temperature does not exceed 1200°C;

The additional criteria are selected from the IAEA recommendations:

AC3. no boiling crisis in the core (calculation with a probability of 95% with a 95%
confidence level corresponds to DNBR=1,26 — General Designer established this
value);

AC4. no fuel melting (melting point 2840°C for fresh fuel, 2570 °C for burned fuel);

ACS5. calculated doses shall be bellow the limpets for anticipated accidents, assuming an
event generated iodine spike and equilibrium iodine concentration for continued full

power operation and considering actual primary and secondary coolant activity.



Independent review of accident analyses by regulatory
authority

The regulatory authority has reviewed the chapter 8 of Licensing Report that contains
report on accident analyses. The review was focused on completeness of analyses,
fulfilment of acceptance criteria, adequate application of methodology for the performance
of safety analyses, correctness of input data used in the models, and the verification and
validation of analytical tools.

Independent calculations using RELAPS code were performed by safety analysis section of
ANRA.

A comparison of results in Licensing Report against the independent calculations is
performed.

To verify the implementation of appropriate safety functions there are selected the
following groups of accidents and transients from the list of initial events recommended by

the IAEA:
- Decrease in heat removal by the secondary side
- Increase in reactor coolant inventory
- Anticipated transients without scram

In the group Decrease in heat removal by the secondary side the following accident
consequence is selected

- Loss of external electric load

- Loss of on-site and off-site power

- Feedwater piping break

In the group increase in reactor coolant inventory the following accident consequence is
selected:
- Inadvertent actuation of ECCS during power operation

In the group Anticipated transients without scram the following accident consequence is
selected:
- Loss of on-site and off-site power

The licensee has submitted all these calculations.

Analyses performed by licensee: summary description

The approach followed in performing the analyses consists of:
- Classification of all the conceivable events into categories (generally, 4 categories -
normal operation and operational transients, incident of moderate frequency,
incident of low frequency, accidents or limiting faults - based on the initiating event



frequency are defined) and identification of the limiting event for the different
equipment design (DBAs).
- Definition of the acceptance criteria for each DBA.
- Analysis of each DBA, taking into account, in particular, the following:
o Initial state of the unit (any of the states of the reactor: normal operation, hot
stand-by, plant start-up, etc.)
o Uncertainties related to the initial conditions (e.g., worst power level and
accuracy of control and monitoring systems instrumentation)
Single failure criterion application for events of categories 2-4
Qualification of the codes
Delay to be considered for operator intervention (generally 30 minutes)

o O O O

Safe state to be reached (reactor core subcritical with adequate residual heat
removal including availability of ultimate heat sink)

o System to be considered in the analysis (all systems if their operation is
aggravating the scenario and only safe graded systems when their operation
is mitigating the event)

o Safety criteria adopted

- Verification of the respect of the acceptance criteria.

The following classification is used:

Safety functions

A - Overpressure Protection function

B - Cold Condition Overpressure Protection function

C - Feed & bleed following loss of heat removal function
D - Loss of Coolant Accidents in the Primary Circuit

A - Overpressure Protection function

The sizing of the PRZ safety valves should be based on the analysis of a complete loss of
steam flow to the turbine, with reactor operating at 104% of rated power and assuming
also the loss of FW flow.

No credit is given to the PRZ level control system, PRZ spray system, rod control system,
steam dump system and steam-line power-operated relief valves. Secondary Steam pressure
relief through the steam generator safety valves is considered.

The following analyses have been performed to show the compliance of the new PRZ SV
behavior to the existing rules and standards:

A. 1 Closure of the turbine [ stop valves and transfer of auxiliary loads to turbine 2. Run-
out of 4 of 6 RCPs and loss of normal FW flow to the SGs.



A. 2 Closure of the turbine 1 stop valves and transfer of auxiliary loads to turbine 2. Run-
out of 3 of 6 RCPs and loss of normal FW flow to the SGs.

In both cases, the following additional malfunctions are considered:
- failure of the first PRZ SV to open when reaching the opening pressure set-point
- failure of the Protection System to actuate on the first actuating signal
- failure of the Automatic Power Controller
- failure of the dump and bypass valves to actuate in case of pressure increase
- failure of PRZ spray and PRZ heaters to disconnect in case of pressure increase

A. 3 Closure of both turbines stop valves with run-out of all the 6 RCPs and loss of FW
flow to the SGs.

The following additional malfunctions are considered:
- failure of PRZ heaters to disconnect in case of pressure increase
- failure of the first PRZ SV to open when reaching the opening pressure set-point

A. 4 Closure of both turbines stop valves with run-out of all the 6 RCPs and loss of normal
FW flow to the SGs. Failure of the Emergency Protection System actuation (ATWS).

No additional malfunctions have been considered.
A. 5 FW line break between SG and check valve

The following additional malfunctions are considered:
- failure of the first PRZ SV to open when reaching the opening pressure set-point
- failure of the Pulse Power Controller
- failure of the dump and bypass valves to actuate in case of pressure increase
- failure of PRZ spray and PRZ heaters to disconnect in case of pressure increase

In all of the above cases, the initial capacity of each PRZ SV has been assumed to be 30
kg/s and the limit to be respected is 115% (that is 15,78 MPa) of the maximum pressure in
the Primary Circuit during normal operation (13,72 MPa)

The review of the results obtained, demonstrates the following:

- The assumed steam flow of 30 kg/s for each of the two PRZ SV is sufficient to
maintain the Primary Circuit within the above said limit of 15,78 MPa following all
the events considered. In particular:

o 1) The highest pressure reached in the primary Circuit is 14.98 MPa
following the event of loss of both turbines with the trip of 3 RCPs



o 2)In case of FW line break the highest pressure reached in the Primary
Circuit is 14.93 MPa.

o 3)In case of ATWS, the highest pressure reached in the Primary Circuit is
14.9 MPa.

B. Cold condition Overpressure Protection function

Vessel embattlement is one of the most important point of concern in VVER 230 type of
reactor. The analyses performed to evaluate events potentially leading to plant operation in
not admissible regions are the following (ret 10):

B.1 Inadvertent opening and re-closure after 1200, 1800, 2400, 3000 and 3600 s of a
PRZ SV at low power (0.7% power) with 1, 2 and 4 Emergency Injection Pumps
(EIPs) during LOOSP

B.2  Inadvertent opening and re-closure after 1200, 1800, 2400, 3000 and 3600 s of a
PRZ SV at low power (0.7% power) with 1, 2 and 4 EIPs

The initial capacity of each PRZSV has been assumed to be 30 kg/s and the limit to be
respected is the maintaining of the Primary Circuit parameters values within the admissible
range.

The results of the analyses confirm the possibility for the reactor parameters (p,T) to enter a
not admissible region and so the need of the implementation of a Cold Overpressure
Protection System, which shall avoid such an event.

C. Feed & Bleed following loss of heat removal function

Specific analyses have been performed to validate the feed & bleed procedure steps. The
analysis is being reviewed at ANRA .

D. Loss of Coolant Accidents (LOCAs) in the Primary Circuit

Primary Circuit LOCAs are another major concern of VVER-230 type of reactors as the
maximum break size which can be coped by the Emergency Injection System is limited to
an 32 mm equivalent diameter. In order to evaluate the effect of a spurious opening of a
POSRYV in terms of Primary Circuit water inventory loss and then on the core cooling
function, the following analyses have been performed:

D. I Inadvertent opening and failure to re-close of one PRZ SV with the operation of one
ECCP



D.2  Inadvertent opening and failure to re-close of one PRZ SV with the operation of two
ECCPs.

The initial capacity of each PRZ SV has been assumed to be 30 kg/s and the limits to be
respected are the following:

- fuel cladding temperature < 1200 °C

- fuel cladding oxidation <18% of wall thickness

- metal-water reaction <1 % of fuel element cladding mass

In both cases, the following additional malfunctions have been considered:
- LOOSP coincident with the actuation of the ECCS
- Sticking in the end upper position of one most effective control rod
- Delay of control rod assemblies movement for 1.1 s
- Operation of only one SG SV (out of two)

The review of the results obtained demonstrates that the water supplied by the emergency
pumps compensates the flow rate through the leak after about 2 hours. The fuel cladding
temperature of the most critical channels does not exceed the limit values.

E. Determination of the Minimal Flow Capacity of the PRZ SV.

Independent calculations

The regulatory authority reviewed the chapter 8 of the Licensing Report that contains
report on accidents analyses.

Independent calculations using RELAPS5 code was performed by safety analysis section of
ANRA.

A comparison of results in Licensing Report against the independent calculations is
performed.

Verification of safety function:

For independent calculations the following accident consequences were selected
- Loss of on-site and off-site power
- Loss of on-site and off-site power without scram
- Loss of external electric load - Closure of both turbines stop valves with run-out of
all the 6 RCPs and loss of FW flow to the SGs
and
- Determination of the Minimal Flow Capacity of the PRZ SV.



Closure of both turbines stop valves with run-out of all the 6 RCPs and loss of FW flow to
the SGs

Description of accident consequence

The initiating event is unexpected closure of both turbine stop valves that leads to unit
blackout, trip of MCPs and FW pumps. Statt-up of emergency feedwater pumps and make-
up pumps (after DG are ready) and water supply to the primary side and SG.

Acceptability criteria

The following criteria are established in the regulatory requirements 1 and 2:
ACI1. the pressure in the reactor coolant and main steam systems shall be maintained

below 115% of the design values;

Initial conditions

The initial condition is selected the way in order to ensure the maximal conservatism
(within the limits of design accident) related the implementation of acceptability criteria.

Parameter Value

Core kinetics:

Moderator density coefficient EOC

Fuel temperature coefficient EOC

Reactivity worth of control rods EOC 8,02% (most efficient control rod
stuck)

Core power 1430 (102%+2%)

Decay heat ANS-79-1+20%

Primary coolant:

Inlet core coolant temperature, C

269 (267+2)

Coolant pressure, MPa

12.45 (12.25+0.2)

Reactor coolant flow, kg/s

8860 (9230-4%)

Pressurizer level, m

5.42 (5.12+0.3)

Secondary side:

SG pressure, MPa 4.61
SG level, m 2.105
Feedwater temperature, C 225
Emergency feedwater temperature, C | 163




Availability and functioning of systems and components

Loss of electric power supply is assumed following the turbine trip. This leads to
unavailability of BRU-A and BRU-K, so that the excess heat will be removed directly to
the atmosphere through the SG SV.

The delay specified for the reactor protection AZ-1 actuation is 0.6 sec.

All 6 MCP has coastdown time equal to 120 s.

Failure of the first PRZ SV to open when reaching the opening pressure set-point.

Computer code and modeling assumptions

The analysis was performed using RELAP5/Mod3.2.2 computer code. The actual 6-loop
system is modeled by four loops, one of which represents three loops.

Results of analysis
The timing of events is given in table 1.

Table 1. Timing of events

Event Time, s
Closure of both turbines stop valves, 0
pumps coastdown starts,
tripping of main FW pumps
Emergency Protection System actuation 0.6
Opening of SV of all SGs (P>5.56 MPa) 12
Closing of the SG SV. 37
DG ready and start-up of make-up pumps 60
Start of Emergency feedwater pump 120
Pumps coasdown end 120
Primary pressure peak (P=13.5MPa) 275
End of calculation 2000

The calculation results show that the maximal pressure in the primary circuit does not
exceed 13.5 MPa. The pressure value is lower the value shown in the calculations of
licensee. It can be explained by application of different calculation codes, accepted on the
conservatism level, peculiarities of modeling. The requirements of AC1 are satisfied.



Closure of both turbines stop valves with run-out of all the 6 RCPs and loss of normal FW

flow to the SGs. Failure of the Emergency Protection System actuation (ATWS)

Description of accident consequence

The initiating event is unexpected closure of both turbine stop valves that leads to unit
blackout, trip of MCPs and FW pumps. Failure of reactor scram.

Acceptance criteria

The following criteria are established in the regulatory requirements 1 and 2:
ACI1. the pressure in the reactor coolant and main steam systems shall be maintained
below 115% of the design values;

AC2. fuel rod cladding temp temperature does not exceed 1200°C;

Initial conditions

The initial condition is selected the way in order to ensure the maximal conservatism
(within the limits of design accident) related the implementation of acceptability criteria.

Parameter Value
Core kinetics:
Moderator density coefficient BOC
Fuel temperature coefficient BOC
Core power 1430 (102%+2%)
Decay heat ANS-79-1+20%
Primary coolant:
Inlet core coolant temperature, C 269 (267+2)
Coolant pressure, MPa 12.45 (12.25+0.2)
Reactor coolant flow, kg/s 8860 (9230-4%)
Pressurizer level, m 5.42 (5.12+0.3)
Secondary side:
SG pressure, MPa 4.61
SG level, m 2.105
Feedwater temperature, C 225




Availability and functioning of systems and components

Loss of electric power supply is assumed following the turbine trip. This leads to
unavailability of BRU-K, so that the excess heat will be removed directly to the
atmosphere through the BRU-A and SG SV.

All 6 MCP has coastdown time equal to 120 s.

Failure of the first PRZ SV to open when reaching the opening pressure set-point.

Computer code and modeling assumptions

The analysis was performed using RELAP5/Mod3.2.2 computer code. The actual 6-loop
system is modeled by four loops, one of which represents three loops.

Results of analysis
The timing of events is given in table 2.

Table 2. Timing of events

Event Time, s
Closure of both turbines stop valves, 0
pumps coastdown starts,
tripping of main FW pumps
AZ]1 signal (tripping of the last turbine) Scram failure 0.6
Opening of BRU-A (P>5.06 MPa) 6
Opening of PRZ SV 15
Opening of second SV at all SGs (P>5.56 MPa) 16
Closing of the SG SVs. 150
Pumps coasdown end 120
Closing of the PRZ SV 320
End of calculation 2000

The calculation results show that the maximal pressure in the primary circuit does not
exceed the value 14.94 Mpa. The pressure value is beyond the value shown in the
calculations of the licensee. It can be explained by application of different calculation
codes accepted of the conservatism level, peculiarities of modeling. So the requirements of
ACI1 are satisfied.

Other calculations

Two other calculations now are in process Determination of the Minimal Flow Capacity of

the PRZ SV and Loss of external electric load - Closure of both turbines stop valves with
run-out of all the 6 RCPs and loss of FW flow to the SGs. After finishing these calculations




and discussing the results the Safety assessment section will prepare a report with the
evaluation of findings for licensing commission of ANRA.

Conclusion

The Metsamor NPP implements the safety improvement program. Introduction of many
measures precedes the licensing process in the western manner that includes preparation of
safety reports, accident analysis and so on. For review of the safety reports the ANRA uses
the assistance of the western experts. At the same time the ANRA develops its own
capabilities for independent safety analyses.

During review of the licensing report on PRZ SV replacement the ANRA specialists
performed independent thermal hydraulic calculations of certain accidents consequences
for comparison of results. The received results give an opportunity to get assured that
acceptance criteria are met, and along with it, some shortcomings were found, so the
licensee is required to give additional explanations and information.
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110 aHaJIU3y 0€30MaCHOCTH ATOMHBIX CTAHLUI
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A. Amupkansi, T. [lerpocsu (AI'AH)

[ToBwimenue 6e3onacHoctd Memamopckoit ADC

JInuensuposanue 3amensbl [TK KJ[

Conepxanue

e Brenenue
¢ [loBeimenue 6e3onacaoctu Menamopckoit ADC
¢ JluieH3upoBaHNe MEPOIIPUATHHN IO TTOBBIIIEHUIO 0€30MMaCHOCTH
e TpeOoBanus Hax30pa
OCHOBHEIE CTaguu
Coneprxanue JIMIEH3UOHHOTO OTYeTa
Kputepuu npuemiiemoctu
He3zaBucumelit 0630p aHanuza aBapuit
AHanu3 aBapuii
e HesaBucumeli pacyer
e 3akiro4yeHue

BBenenne

Menamopckass ADC umeeT nBa 0710Ka ¢ BOAO-BOJASIHBIMU peakTopamu Tuima BBOP-
440/V-270. IlepBslii 6110k OBLT BBEIEH B 9KcIUTyaTanuto B 1976 roxy, Bropoit — B 1980.
Crannums Ob1a octaHoBjeHa B (heBpaiie 1989 roma B pe3ynpraTe M3BMEHEHHUH B TTOJIUTUKE
Y BOJIHEHUH OOIIECTBEHHOCTH IOCJIE Pa3pyHUTeNsHOr0 CIUTaKCKOTO 3€MIICTIISICEHUS 7
nekabpst 1988 roma, SMUIIEHTP KOTOPOTO HAXOIUJICS IPUMEPHO B 75 KM
ceBepoBocTOuHee Mernamopa. Bo BpeMst 3eMIIeTpsICeHHsI CTaHIUs HaJIe)KHO padoTaa.
3enerpsiceHre He HaHeco yiepoba cranuuu. B 1995 roxy BTOpoit 610K ObLT BHOBD
MyIIEH B AKCIUTYaTaIUIO TIOCTIE TPOBEACHUS ONPEICIICHHBIX BOCCTAHOBUTEIBHBIX PaboT
Y BBITMIOJTHEHUS MEPOIIPUATHI 110 MOBBIIIEHNIO0 0€30IaCHOCTH.

Menamopckue OJIOKH YHHKAJIBHBI IO HEKOTOPBIM BaXKHBIM MTOKA3aTENsIM: OJIOKH ¢
Mozenbio V-270 umeroT 6oJiee COBEPIICHHBIN MPOEKT, YeM ¢ 0a30BBIM PEAKTOPOM



nepBoro nokosieHus V-230. YiydiieHa celicMHKa, yCOBEPLUIEHCTBOBaHA CUCTEMA
aBapUHHOTO pacXOJaKUBaHUS aKTHBHOU 30HBI (Oosee mormHbie AITH-b1), BbITIIE
MIPOU3BOIUTENLHOCTh CIUIMHKIICPHOW yCTaHOBKH— BCE MEPEYNCICHHOE M03XKe OBbLIO0
MIPUMEHEHO TIPH pa3paboTKe Mojaenu peakropa V-213 BTOPOro mokoJjeHus.

IoBbimenue 6e3onacuocTu Menamopckoii AJC

B 1998 rony 6pima paspabotana u cornmacoBana ¢ AI'AH HoBast mporpamma 1o
Mozaepam3aiuy Ha 1998-2004 roasl. DTa mporpaMma paspadaThiBangach C y4eTOM
pexomennauuii MAI'ATO, conepxkanuxca B TECDOC-640 MAT'ATO. Meponpusitus
1o 0e3onacHacTy KiacCu(UIUpPOBAINCh B COOTBETCTBUU C UX BIUSHUEM Ha
6e30macHOCTb. B 4ncIie riaBHbIX 110 IPUOPUTETHOCTH TAaKUE MEPOIIPUATHS, KaK
yCTaHOBKa HOBBIX MPEIOXPAHUTEIBHBIX KiarmaHnoB kommeHcaTopa aasieHus (ITK KJI),
3aMeEHa MIpeloXpaHUTENbHBIX KianaHoB naporeneparopa (IIK I1I'), ycranoBka oTceuHbIx
kiarmanoB (b30K) Ha rmaBHOM maponpoBojie, BBOJI B KCIUTyaTallui0 HOBOW CHCTEMBI
TEXBOJBI U T.J. JINLIEH3MPOBAHKE BHIIETIEPEUNUCICHHBIX MEPOIPHUATHI HaXOIUTCS B
MpoLecce, Ha pa3HbIX CTaIUAX 3aBEPILCHUS.

B sTOM noknane noapoOGHO OCBEIIAeTCs JIUIEH3UPOBAHUE OJHON MOIU(BUKAIIIHN —
3amensbl [IK KJI, a umMmeHHO, paccMaTpuBaeTCs aHaIU3 aBapuu, CAEIaHHbIA B paMKax
00ocHOBaHHUs OE€30MTACHOCTH MOJICPHU3ALINY, A TAK)KE HE3aBUCUMBIE PacyeThl,
BbINTOJIHEHHBIE B A['AH.

JIunensupoBanue 3amenbl IIK K]

JlunensupoBanue Mmoaudukaiuu «3amena [1K K/I» BeImomHsIETCS ¢ MCIIOIB30BaHUEM
BapuanTa 2+2. 3anaausiii Riskaudit oxasan momorms AI'’AH, u uranesackas kommanus
ENEL oxkazana momoms AADC. beia pazpaborana cxema mporiecca JIMIECH3UPOBAHHUS.
J71s 5KOHOMHU BpEMEHH IOKYMEHTAIIUS 110 JIMIIEH3UPOBAHUIO MOAAETCS B HAJ30p HE Ha
MOCJIEIHEH CTaIuu, a B TIPoliecce pa3paboTKH.

OrnpezenieHo coiepxKaHue JUIEH3UOHHOTO 0TYETa, KOTOPBIH TOIKEH BKIIOUYATh
onucanue GyHKIMN 0€30MacHOCTH, aHAIu3 Oe3onacHocTH, anroputM KUII, ananus
HEONaronpusITHBIX BO3IEHCTBUH, IIETOCTHOCTH U paboTocnocooHocTs [TK K/I, BHEmIHNMH
Y BHYTPEHUH PUCK, KIIACCUPUKAIINIO, KBATN(DUKAINIO, TEXHHYECKYIO CIIEIU(UKAIIAIO
JUISL SKCIITyaTaluu (pa3penieHHas JUIMTeIbHOCTh HETOTOBHOCTH B PA3HBIX
IKCIUTYaTAIlMOHHBIX PEKUMaX, KOHTPOJIbHBIE UCTIBITAHUS (TIOCTIE YCTAHOBKHU U
MIEPEOINIECKHUE).

COI[Cp)KaHI/Ie JJUIICH3UOHHOI'O OTUCTAa

1 BBenenue
2 Kpatkoe usznoxeHnue
a) obocnosawue bezonacHocmu
0) onucanue Mooughukayuil u npeumMyuecms



3 OcHOBBI IpOEKTa
a) npedsapumenvHvle 80NPOCHL HE30NACHOCMU
0) mpebosarus HA0EIHCHOCMU
4 Kputepun kiaccudukanuu
a) ucnonv3yemole KoObvl U CIaHOapmbl
0) Kk1acc bezonachocmu
8) Kamezopus cetcMUYHOCMU
2) obecneuenue Kkauecmea
5 Texuudeckas cnenuduranus MoIuPUKaAIUN
a) Qusuueckue mpebogarus
0) @pyHKkyuonarbHbLIe MpebosaHUA
6 Cnernudukaius Ha U3TOTOBJICHHUE
@) NpoeKmHuvle XapaKmepucmuKu cOCMagHvLX KOMHOHEHMO8
0) ceoticmea mamepuana
8) npoycc U320moeneHus
2) 3a800cKuUe UCIBIMAHUS
0) keanughuxayus GyHKyuil ¢ MOYKU 3peHUs CEICMUKU U OKPYHCarOuell cpeovl
7 Amnanuz 6e30macHOCTH
a) menio2uopasiuyecKue paciemol
0) pacuemul gHeUlHe20 U BHYMPEHHE20 PUCKA
8) ananuz Heb1a2oNPUIMHBIX 8030€UCMBULL
8 PacueTrnl HaneXKHOCTHU
9 Cnenmdukanus Ha MOHTaX
a) paduonocuieckas 3auuma
0) mpebosanusi K C8APHLIM UUBAM
8) celicMuuecKuil aHatu3
2) ananu3 HanpaANCeHHOCMmu (AHAIU3 COCMOSHUS NOO OABNeHUEM,CIPeCcCO8blll AHANU3)
0) onpedeneHue pamepos onopvi
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Kpurepun npuemnemoctu

Bo16op kputepueB npueMiIeMOCTH AJIsl aHAJIM3a aBapUIHBIX CUTYallUil OCYIIECTBISETCS
Ha OCHOBaHUU POCCUUCKUX IOKYMEHTOB:
1 PNAEG-1-024-90. Hopmsl 1 ipaBuIia sSiACpHON O€301aCHOCTH PeaKTOPHBIX
ycranoBok  ADC, 1991



2 PNAEG-7-008-89. IIpaBuia ycTaHOBKH U 0€30MaCHOM SKCILTyaTalluu
obopynoBanus u TpyoorpoBoioB ADC,1989
A Taxxe pexomenaauuii MAI'ATO
3 TAEA-EBR-WWER-01. PykoBoJICTBO MO aHAJIN3Y aBapHil HA aTOMHBIX
cranuusix ¢ BBOP.

Crenyromue KpUuTepuu BBIOpaHbI C yueToM TpeboBanuii 1 u 2:

ACI1. naBneHue TEMIOHOCUTEIIS B PEaKTOPE U B IJIABHOM MapoNpOBOJIE TOJHKHO
MOAIEPKUBATHCS HA YPOBHE HE mpeBbimatomeM 115% ero npoekTHoro 3Ha4eHUS;
AC2 Ttemmnepatypa obomouku TBDJla He qomKHA IPEBBIIAT 1200°C.

JlomomHUTENBHBIE KPUTEPUU BBIOMPAIOTCS U3 pekoMeHnanuii MATATO:

AC3 3amac 10 Kpu3uca KUIEHUs (BBIYMCICHUS C BEPOATHOCTBIO 95% 1pH ypoBHE
nosepust 95%, coorsercTBytromuM DNBR=1,26 — 3TOT nipeaen ycTaHOBUII IJ1aBHBII
IIPOEKTUPOBILUK);

A4  He nomxHO MPOUCXOIUTH JJaXKe MECTHOTO IJIaBJICHHS TOIUIMBHBIX Ta0JIETOK (TOUKa
IUIABJICHHS CBEJKEr0o TOIUIMBA 28400C, BBITOPEBILETO - 25700C);

A5 PacuerHble 03Bl JOKHBI OBITh HHXKE TPEEIIOB, IPUHATHIX AJIs IPOEKTHBIX
aBapuil.

He3aBucumelil 0030p pacueToB aBapyUHBIX CHUTYalLUM,
CIEJaHHBIM HAJ30pOM

AT'AH paccmotpen riaBy 8 JIMIIEH3MOHHOTO OTYETA, COAEPKAIIYI0 OTYET aHaIM3a
aBapuitHbIX cuTyaruil. [Ipu 3ToM BHUMaHNe ObIIIO CPOKYCHPOBAHO HA 3aBEPILICHHOCTH
pacyeToB, BBINOJIHEHUN KPUTEPUEB IPUEMIIEMOCTH , JOJDKHOM TPUMEHEHUH
METOI0JIOTMHU TIPU aHaJM3e 0€30MacHOCTH, TOYHOCTH BXOJIHBIX TaHHBIX, UCTIOJIb3YEMBIX B
MOJEJISIX, ¥ IPOBEPKE MPUTOJHOCTH U COOTBETCTBUS AHATUTHUYECKUX CPEJICTB.

Otnen ananu3a 6€30MaCHOCTH BBITOJIHUII HE3aBUCHMBIE PacueThl, UCIIOb3YsI KO
RELAPS. Celtuac npoBoauTCs CpaBHEHHUE pe3yIbTaTOB JIMIIEH3MOHHOTO OTUYETA C
HE3aBHCHMBIMU PaCUETaAMH.

Kpartkuii 00630p pacueToB aBapuiHBIX CUTyaIui

J171s TpOBepKHU BHITIOTHEHHSI HAaJIeKaMX (PyHKINH 6€30MacHOCTH BHIOPAHBI
CJIEYIOIINE TPYIINBI aBapUH U IEPEXOAHBIX PEKUMOB U3 CIIUCKA UCXOIHBIX COOBITHIA,
pekomenioBaHHbIX MAT'ATO:

- YMECHBIIEHHUE TEIIOChEMa CO CTOPOHBI BTOPOT'O KOHTYPA;

- YBENUYEHHE TEIUIOHOCUTENS B 1-OM KOHTYpE;

- TepexXOIHbIC PEKUMBI 0€3 cpabaThIBaHUSI aBApUUHOMN 3aIIUTHI.

Jyis Tpynmbl COOBITHIA, CBSI3aHHBIX C YMEHBIIEHUEM TEIIOChMa CO CTOPOHBI BTOPOTO
KOHTYpa, BbIOpaHa cienytonias MocjieJ0BaTeIbHOCTb Pa3BUTHUS aBapHUHU:



- CHW)XCHUE BHEIIHEHU IEKTPUYECKON HArpy3KH;
- IOJIHOE 00eCTOUYEHUE;
- pa3paB TpyOOIpOBOJa MUTATEIHHON BOJIBI.

Jnist TpyTIBI COOBITHH, CBA3aHHBIX C YBETUYEHUEM TEIUIOHOCHUTENS B PEakTope,
[IOCJIEI0OBATEIBLHOCTD PA3BUTHS aBaApUHU CIEAYIOIIas
- HempeaHaMepeHHOe CpabaThIBAaHNE CHCTEMBI PACXOJIAXKHUBAHUS PEAKTOpa

Jnist TpyTinbl COOBITHI, CBI3aHHBIX C IEPEXOAHBIMU PeXUMaMU 0e3 cpadaThIBaHUS
ABAPUITHOM 3aIUTHI, TOCIEAOBATEILHOCTD CIICAYIOIIAs:

[MOJIHOE 00ECTOYECHUE.

.HI/II_IGH3I/IaHT MMpeaAcCTaBuil BCC 3TU paCUYCTHI.

AHanu3, BBIMOJIHEHBIN JTUIIEH3UAaHTOM, 0030p

[Ipu ananu3ze ObUT TPUMEHEH TTOIX0/1, OCHOBAaHHBIN HA:

KIIaCCU(UKAIIMU BCEX BO3ZMOXKHBIX COOBITUH 1O KaTEropusiM (B
OCHOBHOM 4 KaTeropHH, 3TO - HOpMaJIbHAs SKCILUTyaTalus 1
MIEPEXO0/IHBIC PEXKUMBI M MHIIUJCHTHI KJIaCCHPHUIIPYEMbIE TIO YaCTOTE)
ONpEIETICHUN TPUEMOYHBIX KPUTEPUEB IPUEMIIEMOCTH JUISl KaXA0U
IIPOEKTHOM aBapuy;

aHAJIN3€ KaXI0W MPOEKTHON aBapuu, MpUHMUMAas BO BHUMaHUE
cieayoluee:

® JICXOJTHOE COCTOsTHUE OJIoKa (JT11000€ COCTOSIHUE peakTopa:
HOpMaJbHasl SKCILTyaTalus, TOPSYUid pe3epB, MyCK CTAHIINH U
T.1.);

® HEOMPEICTICHHOCTH, CBSI3aHHBIE C HAYaTbHBIMU YCIOBUSIMU
(HarmpuMep, HauXyAIIUKA YPOBEHb MOLTHOCTH, TOYHOCTH TPUOOPOB
CUTEM YIIPABJICHUS U MOHUTOPUHTA);

e NIPUMEHEHHE KPUTEPHUs €TUHUYHOTO OTKAa3a Il COOBITHIA
Kareropuu 2-4;

¢ KBaJTM(UKAILUIO KOJIOB;

® 33JIEPXKKY 110 BpEMEHH, KOTOPYIO HAJI0 MPEIYyCMOTPETh IS
BMeIIaTebCTBa oneparopa (00sraHO 30 MUH);

¢ 0€30IaCHOE COCTOSIHUE, KOTOPOE IOJKHO OBITH JOCTUTHYTO
(TTOAKPUTHYECKOE COCTOSIHUE aKTUBHOM 30HBI C a/IeKBaTHBIM
OCTaTOYHBIM TEIJIOBBIACIEHUEM, BKIIOUAsi BO3MOXHOCTh IIOJTHOTO
TEIJIOChEMA);

® CICTEMY, KOTOpas JOJKHA YUUTHIBATHCS MPU MPOBEICHUH
aHaim3a (Bce CUCTEMBI, €CITU MX AKCIUTyaTalus yXyalaeT
CIICHAapHid, ¥ TOJIBKO CUCTEMBI, UMEIOIINE TPaIAIHIO
«0e30macHOCTHY, €CIH UX padoTa CMSATYaeT MPOTEKaHHE
COOBITHS);

® IPUHSTHIC KPUTEPUN OE30MMACHOCTH.



- TOJTBEpXJIEHUE COOIIOCHUS TPUEMOYHBIX KPUTEPHUEB
IIPUEMIIEMOCTH.

Hcnonwayercs cnepyromias kaaccuduxaius QyHKIuH 6€301macCHOCTH:

A — 3awuma om upe3mepno2o nosviuieHus 0a8IeHUs.

B — sawjuma om upeszmeprnoco nosviuieHus: 0asieHus 8 X0100HOM COCMOAHUU

C — npoyedypa Feed & bleed

D — asapuiinvie cumyayuu, céazanHvle ¢ nomepeu menjioHOCUMens 8 NepeoM KOHMype

A- 3aluTa OT YpC3MCPHOT'O MOBBIIICHWA JAaBJICHUA

Bri6op 1K KJI nomkeH OCHOBBIBAThCS Ha aHAIM3€ MOJTHOM MOTEpH Mapa Ha TypOuHY, C
peakTopom, paboTatorniem Ha MomHOCTH 104% OT HOMHUHAJIBLHOW U OTEPH MUTBO/BI.

He pabotaer perymnsrop yposus B K/I, a tTaxoke Bupeick KJI, aBToMaTHuecKuil perynsarop
moiHoctd, BPY-K, BPY-A u perynupyromue kiiamnadsl Ha napomnpasoje. JlaBieHue napa
perynupyetcs [TIK IIT".

bbuin poBesieHb! cIeIyIOIINe pacuyeThl ¢ TEM,YTOObI TOKa3aTh COOTBETCTBUE HOBBIX 1K
K]l cyuiecTByommuM HOpMaM U CTaHIapTaM.

A. 1 3axpvimue cmonopuvix Kiananos 1-oti mypoumsi, 2-as mypouna nepexooum Ha
cobcmeennvie HyxHcovl Omrnoyenue 4-x uzb-mu I'L[H u nomeps numeoow: 111"

A. 2 3axpvimue cmonopuulx kiananos 1-oti mypounul, 2-as mypoura nepexooum Ha
coocmeennvie HyxHcovl. Omratouenue 3-x uz 6 I'L[H u nomeps numeoowt 111"

B 00oux cinyuasx paccMaTpUBarOTCs CeIyIOIIUe TOTOJIHUTENbHbIC HAPYILICHHS:

- ortka3 otkpeiTus nepsoro [IK K/l mpu noctmxenun naBieHueM
YCTaBKHU €r0 OTKPBITHSI,

- HecpabaTbIBaHHE CHUCTEMbl aBAPUITHON 3aLUTHI IO IEPBOMY CUTHAIY
Ha cpa0aTbIBaHUE;

- OTKa3 aBTOMAaTHYECKOI'0 PEryJiATopa YpOBHS MOIIHOCTH;

- orka3 bPY- Ku BPVY- A;

- OTKa3 BHpbICKa K Harpesatenei KJI Ha oTkitouenue npu
NOBBILICHUMH JaBJICHHUS.

A. 3 3akpwvimue cmonopuwix kiananos obeux mypoun c omxniouenuem ecex 6 I'L[H u
nomepeti numeoowl 11"

PaccmarpuBaroTes cineayronye T0N0JIHUTEIbHBIE HAPYILECHUS:
- orka3 HarpeBateneil K/ Ha oTkiIroueHue npy MOBBIIICHUUH 1aBJICHHUS;
- otka3 otkpbiTus nepsoro [1K KJI npu noctrkeHnu JaBjIeHUEM yCTaBKU €r0
OTKPBITHS;

A. 4 3akpvimue cmonophwvix Kniananog ooeux mypoun ¢ omkaovenuem ecex 6 I'IL{H u
nomepeti numeoowl I1I". Omka3z 6Kit0ueHUs a8apuliHol 3aujumal.



JlomoTHUTEbHBIC HAPYIIEHHUS HA PACCMaTPHUBAIOTCA.
A. 5 Pa3spvige mpydoonpogoda numeoowl Ha aunuu mexcoy I -om u obpamuvim kiananom

PaccmatpuBaroTcs cieayromnye T0MoJTHATEIbHBIE HAPYIICHHUS:
- orka3 otkpsiTus nepsoro I1K K/ npu noctnxennn 1aBieHUEM yCTaBKU €TI0
OTKPBITHS,
- OTKa3 aBTOMAaTHYECKOTO PETYJISITOPa MOIIHOCTH;
- otka3 bPY-K u bPVY-A;
- OTKa3 BHpbIcKka 1 Harpepareneil K[ Ha oTkitoueHue npyu NOBBILIEHUHN
JTaBIICHMUSI.

Bo Bcex BbIIENEPEUNCICHHBIX CyYasx UCXOAHOE 3HaueHne pacxoa yepes [1IK K]
MPUHATO PaBHBIM 30KI/C IPH 3TOM JOJKHO COOIOIATHCS MPEACIbHOE JaBlieHHE B 1-0M
KOHTYpe (uTo cooTBTCTBYET 15.78 MPa), paBHoe 115% MakcuManabHOTO 3HAUYEHUS IPU
HOpMaibHOM 3KcmutyaTanuu (13.72MPa).

AHanu3 NoJay4YeHHBIX pe3yIbTaTOB NOKa3ajl ClAeAyIoLIee:

- mpuHATHIN pacxon napa 30 kr/c Ha kaxsrii [TK KJI mocratouen asns
nojAep>kaHusl JaBJieHUs 1-0ro KOHTypa B ykazaHHoM mipeaene 15.78 MPa,
IIPH BCEX PACCMOTPEHHBIX COOBITHSX. B wacTHOCTH:

1 Ilpu orxmroueHun odenx TypouH u 3-x I'lLIH naBnenue 1-oro koHTYypa
noBebImaercs 10 14.98 MPa.

2 Ilpu pa3psiBe TpyOOIIPOBOIa MUTBOIBI IaBJIeHHE 1-0r0 KOHTypa
nocturaet 3HayeHusa 14.93 MPa.

3 Ilpu oTka3ze cucTeMbl aBapuHHON 3alllUThI JaBlI€HUE 1-0ro KOHTypa
nocturaet 3HadyeHusa 14.9 MPa.

B - sawiuma on 4Ype3mepHoco noebluleHul oasnenus 8 X0JI0OHOM COCMOSIHUU

3amuTa KopIyca peakropa sBJISeTCs] OJHUM U3 CAMbBIX Ba)KHBIX (M BBI3BIBAIOLIUM
0€ecroKONCTBO) BOIIPOCOB, Kacaroluxcs peakropos Tuna BBOP-230.
Crnenyrolue pacdeTsl ObUIM BBITIOJHEHBI JJI1 OLIEHKU COOBITUH, TOTEHIIMAIBHO
MPUBOAALINX K pabOTE CTAaHIIMU B HEJIOMYCTUMBIX PEXHMAX:

B.1 Henpeonamepennoe omxpvimue u nosmoproe 3akpovimue 1K K/ uepes 1200, 1800,
2400, 3000 u 3600 cex npu pabome na nuzkou mowHocmu (0.7%) u ¢ exnouenHvIMU
1-vim, 2-bilm U 4-bIM a8ApUIHBLIMU NOORUMOYHBIMU HACOCAMU NPU 0OECMOYEHUU.

B.2 Henpeonamepennoe omxpvimue u nosmoproe 3akpvimue 1K K/ uepes 1200, 1800,
2400, 3000 u 3600 cex npu pabome na nuzkou mowHocmu (0.7%) u ¢ éxnouenHvIMU
1-vim, 2-blm U 4-biM a8apuliHLIMU NOONUMOYHBIMU HACOCAMU.



Hcxonnoe 3nauenue pacxoxaa yepes [1IK KJI npunsTo paBHbiM 30Kr/C 1 ipesiensHOe
3HaYE€HHE, KOTOPOE HEOOXOIUMO COOTIOAaTh, TOJKHO yAOBIETBOPATH TPEOOBAHUIO
MoJIep>KaHus TapaMeTpPOB 1-0ro KOHTypa B IOMYCTUMBIX Ipe/Ieiax.

Pe3ynbrarhl pacueToB MOATBEPAUIN BO3MOXXHOCTH TOTO, YTO MmapaMeTpsl peakropa (P,T)
MOTYT BBIUTH 32 TIPSl IOIYCTUMBIX 3HAYEHHI, MO3TOMY CYIIECTBYET HEOOXOAMMOCTh
BHEJIPEHUS CUCTEMBI 3aIUTHI OT XOJOIHOTO MPEBBIIICHUS AABJICHUS, KOTOPasi MO3BOJIUT
MPEIOTBPETUTH TTOJIOOHBIE COOBITHSI.

C — npoyedypa Feed & bleed
PacueTsl He mpeacTaBIEHBI
D — asaputinvie cumyayuu, cés3anHble ¢ nomepel menjioHoCUmens 6 nepeom KoHmype

st Toro, yTo0b! OLeHUTh 3P dexT ommndounoro otkpbiTus [IK KJI B ycnoBusax motepu
TETIIOHOCHUTENA |-T0 KOHTYpa M €ro BIMSHUE Ha OXJIaXIICHUE aKTUBHOH 3aHBI, OBLIH
MIPOBE/ICHBI CIIEAYIONINE PACUEThI:

D.1 Henpeonamepennoe omkpvimue u omxas 3akpwvimus 00Ho2o u3 IIK KJ] ¢ oOnum
pabomatowum Hacocom AITH.

D.2 Henpeonamepennoe omxpvimue u omka3s 3akpvimusi ooHozo uz IIK KJ/[ ¢ pabomoti
08yx Hacocos AIITH

[Ipomycknas cnocobnocTs kaxaoro I1K K/ 30 kr/c, a mpenensl, KOTOphIE cleayeT
co0Jro1aTh, CIEAYIOIINE:

- Temmeparypa obomoukn Tormmsa <1200 °C;

- OKHCJCHHE TOIICBHOH 000y10ukn <18% OT TOJIIMHEI CTCHKH;

- peakuus Metaiia ¢ Bojoi <1% ot maccsl TBOJIa
B 00oux ciayyasix paccMaTpuBajIoCh HATOXKEHHE CIEAYIOIUX OTKA30B:

- obecroueHue, coBmnaaaroiiee ¢ BkamouenueM AITH;

- 3aKJIMHUBaHHUE OHOTO, camoro 3((HEeKTUBHOIO PETYIUPYIOIIETO CTEPKHS B

€ro KpailHeM BEpXHEM IOJIOKEHUU;
- 3aJiepiKKa TPYIIIbI PEeTyJIUPYIOMUX cTepkHer Ha 1.1 ¢;
- pabora Tonpko ogHoro u3 aByx [IK IIT°

O0630p MoTyyeHHBIX PE3yIbTATOB MMOKA3aJl, YTO aBapUHHBIE HACOCHI KOMIIEHCUPYIOT T€Yb,
MIPUMEPHO, 3a J1Ba yaca. TemnepaTypa 000JI0UKH TOIUIMBA CAMBIX HANPSYKEHHBIX KaHAJIOB

HEC MPEBBIIIACT MPCACIbHBIX 3HAYCHUM.

E. Onpeoenenue munumanvrnozo pacxooa uepes I1K K]



He3aBucumbie pacyersl

He3zaBucumsble pacuetsl ¢ ucnonb3zoBanueM kojga RELAPS BBIIOTHEHBI CEKTOPOM
Ananu3za bezonmacnoctu AI'AH. IIpoBeneHo cpaBHeHKE pe3ynbTaToB JIMIIEH3UOHHOTO
OTYETA C HE3aBUCUMBIMU PacYETaMH.

Bepudurkanus pyHkuumn 6e30nacHOCTH

BeutH BEIOpaHBI CIEAYIONTUE TTOCIEICTBUS ABAPUIHBIX CUTYAIIMHA JIsI IIPOBEICHUS
HE3aBHCHUMBIX PacueTOB:
- IOJHOE 00ECTOUYEHHE;
- moJyiHOe obecTtoueHue O6e3 cpabaTbiBanus A3;
- TOTeps BHEIIHEH 3JEKTPUUYECKON HArPY3KU — 3aKPhITHE CTOIMIOPHBIX KIIAMIAHOB
obenx TypOuH ¢ otkiroueHueM Beex mectu ['IIH u motepeit mutBoap! I11-0B
)41
- ompeneneHne MUHUMalIbHOTO pacxona uepe3 [1K KJI.

JakphITHE CTONOPHBIX KIANAaHOB 00eux TypOuH ¢ otkiaroueHueM Beex 1tectu ['IH u
noteper ocHoBHOUM NUTBOALI I11-0B.

Onucanue nociedcmeuil agapuu

HcxonHoe cOCTOSIHME - 3aKPBITHE CTOMOPHBIX KJIallaHOB 00€uX TypOUH, YTO IPUBOJIUT K
obectoueHuto 610ka, Beioery I'lIH u morepe oCHOBHOM MUTATEIHHON BOMBI.
Bxurouarotes aBapuiiHble HACOChI MUTBOABI M MOAMUTOYHBIE HACOCHI MEPBOIO KOHTYpA.
IIpuemounvie Kpumepuu npuemiemocmu

B TpeboBaHusAX Ha/30pa ONPENEICHBI CIEIYIOINE KPUTEPUU

ACI1. JlaBneHue TEIIOHOCUTEIS B pEaKTOpe AOKHO MoAaAepKuBaThes Hbke 115% ero
MIPOEKTHOTO 3HAYECHHUS.

Hcxoonoe cocmosnue

HcxomHoe cocTosTHUE BRIOUPACTCS TaK, 9YTOOBI 00SCTICUNTh MaKCUMATbHBIT
KOHCEpBATH3M, CBS3aHHBIN C ONPEACICHUEM KPUTEPUEB IPUEMIIEMOCTH.

Parameter Value

Core Kkinetics:

Moderator density coefficient EOC

Fuel temperature coefficient EOC




Reactivity worth of control rods EOC 8,02% (most efficient control rod
stuck)

Core power 1430 (102%+2%)

Decay heat ANS-79-1+20%

Primary coolant:

Inlet core coolant temperature, C 269 (267+2)

Coolant pressure, MPa 12.45 (12.25+0.2)

Reactor coolant flow, kg/s 8860 (9230-4%)

Pressurizer level, m 5.42 (5.12+0.3)

Secondary side:

SG pressure, MPa 4.61

SG level, m 2.105

Feedwater temperature, C 225

Emergency feedwater temperature, C | 163

Dpgexmusnocmo u hynkyuonoposanue cucmem u KOMNOHEHMOS

[Ipennonaraercs, 4To 3a aBapUHHBIM OCTAHOBOM TYypOHH ClIelyeT 00ecTouoHHe. ITO
BeneT K HapymeHuto padbotel BPY-A u BPY-K, moatomy nz06eiTounoe temio Oyaer
OTBOJIUTCS HEMOCPEICTBEHHO B atmMochepy uepe3 ITK I1T".

3anepxkka B cpadateiBanun A3-1 0.6 ¢ (C MOMEHTa TOCTHKEHUS YCTAaBKH aBapUITHOTO
OCTaHOBA /10 Hauaja MaJIeHUs] CTEPIKHEN)

Bce 6 I'lIH umetot BwiOer, paBubIii 120 c.

Ortxka3 Ha otkpeiTe nepsoro [IK III" npu gocTmkeHnn naBleHUEM yCTaBKU OTKPBITHS.

Honywenus npu mooenuposanuu

Pacuer Boimomnusiiics ¢ ucnonb3oBanueM koga RELAP5/MOD3.2.2 . CymecTByrormas 6-
TH TIETEJIbHAS CHCTEMA CMOJISIMPOBaHa 4-Msl ETIISIMHU, O/THA U3 KOTOPBIX MPEICTABIISCT
coboi 3 nmetmu.

Pezynomamer pacuema

XpoHHKa cOOBITUI TIpUBEACHA B TAOIHUIIE:

Event Time, s

Closure of both turbines stop valves, 0
pumps coastdown starts,
tripping of main FW pumps

Emergency Protection System actuation 0.6

Opening of SV of all SGs (P>5.56 MPa) 12

Closing of the SG SV. 37




DG ready and start-up of make-up pumps 60

Start of Emergency feedwater pump 120
Pumps coasdown end 120
Primary pressure peak (P=13.5MPa) 275
End of calculation 2000

P€3yJ'IBTaTI)I pacucTOB NOKA3LIBAIOT, YTO MAKCUMAJIbHOC NAaBJICHUC B ICPBOM KOHTYPEC HC
npesbiraeT 13.5 MPa. BennunHa naBineHus He COBIAAAET C pe3yIbTaTaMH PAacueToB,
IMPOBCACHHLBIX JICHICH3UAHTOM. OT0 MOKHO OOBSICHUTH MCITOJIb30BAHUEM Pa3INIHBIX
KOJIOB, IPUHATHIM YPOBHEM KOHCEPBATH3Ma, a TAK)KE OCOOCHHOCTSIMH MOJICTTUPOBAHUSL.
Taxum oOpazom, TpeboBanust AC1 yaoBneTBopsOTCS.

3akpeITHE CTONOPHBIX KIAaHoB 00enx TypOuH ¢ oTkirouenneM Beex mrectd I'IH u
noreper ocHoBHOU nmuTBoALl [11M-0B. OTKa3 cpabaTbICaHrsl aBapUHHON 3aIIUTHL

Onucanue nocreocmeutl agapuu
HcxonHoe coCTOSIHME - 3aKPBITHE CTONOPHBIX KJIAllaHOB 00euX TypOUH, YTO IPUBOJIUT K
oOectouenuto 6y0ka, Beidery I'lIH u norepe ocHoBHOM nuTarensHOM BoAbl. OTKa3
ABAPUIHOM 3aLLUTHI PEAKTOPA.
IIpuemounvie kpumepuu npuemaiemocmu
B TpeboBaHusaX Ha/i30pa ONpeNeNeHbl ClIeyOIUe KpUTEpUU
ACI1. ]laBneHue TEIUIOHOCUTENS B pEaKTOPE U JIaBJICHUE B IIIaBHOM MapoIpOBOJIe
TOJDKHO MOoepkuBaThest HUxKE 115% ero npoexkTHOTO 3HAUCHUS.

0
AC2. Temnepatypa 060s0ukH TorMBa He npessiaer 1200°C.

HUcxoonoe cocmosinue

I/ICXO)IHOG COCTOsIHUC BBI6I/IpaeTC$I Tak, 9TOOBI 00€CIEYNTh MAKCHMAaJIbHBIN
KOHCCPBATHU3M, CBSI3aHHBIM C OIPCACIICHUCM KPUTCPHUCB MMTPHUEMIICMOCTH.

Parameter Value

Core Kkinetics:
Moderator density BOC
coefficient

Fuel temperature coefficient | BOC

Core power 1430 (102%+2%)
Decay heat ANS-79-1+20%
Primary coolant:

Inlet core coolant 269 (267+2)

temperature, C




Coolant pressure, MPa 12.45 (12.25+0.2)
Reactor coolant flow, kg/s 8860 (9230-4%)
Pressurizer level, m 5.42 (5.12+0.3)
Secondary side:

SG pressure, MPa 4.61

SG level, m 2.105

Feedwater temperature, C 225

Dpdexmusnocmo u hynkyuonoposanue cucmem u KOMNOHEHMOS

[Ipennonaraercs, 4To 3a aBapUHHBIM OCTAHOBOM TYypOHH ClielyeT 00ecTouoHue. ITO
BezleT K HapymieHuto padboTel BPY-K, mosTomy n36sITOuHOE TEMno OyaeT OTBOAUTCS
HernocpeacTBeHHO B aTMocdepy uepe3 BPY-A u I[IK I1I'.

Bce 6 I'lIH umetot BoiOer, paBubiii 120 c.

Ortxka3 Ha otkpeiTe nepsoro [IK III" npu gocTmkeHnn qaBlieHUEM yCTaBKU OTKPBITHS.

Honywenus npu mooenuposaruu

Pacuer Boimomnusiiics ¢ ucnonb3oBanueM koga RELAP5/MOD3.2.2 . CymecTByroras 6-
TH TIETEJIbHAS CHCTEMA CMOJISIMPOBaHa 4-Msl IETJISIMHU, O/THA U3 KOTOPBIX MPEICTABIISCT
coboit 3 metmu.

Pezynomamer pacuema

XpoHHKa cOObITHI TIpUBEACHA B TAOJIHUIIE:

Event Time, s
Closure of both turbines stop valves, 0
pumps coastdown starts,
tripping of main FW pumps
AZ1 signal (tripping of the last turbine) Scram failure 0.6
Opening of BRU-A (P>5.06 MPa) 6
Opening of PRZ SV 15
Opening of second SV at all SGs (P>5.56 MPa) 16
Closing of the SG SVs. 150
Pumps coasdown end 120
Closing of the PRZ SV 320
End of calculation 2000

Pe3ynbTaThl pacyeToB MOKa3bIBAIOT, YTO MAKCUMAJILHOE JIaBJIEHUE B [IEPBOM KOHTYpPE HE
npesbimaet 14.94 MPa. BennunHa 1aBineHus He COBIANAET € pe3yIbTaTaMH PacyeToB,
MIPOBEJICHHBIX JIEEH3UAHTOM. DTO MOYXHO O0OBSCHUTH UCIOIb30BAHUEM PA3IUUYHbIX



KOIOB, IPUHATHIM YPOBHCM KOHCCPBATU3MA, a TAKIKC OCO6CHHOCTHMI/I MOACIINPOBAHUA.
Takum o6pazom, TpedoBanust AC1 ya0BI€TBOPSIOTCS.

Lpyeue pacuemol

Ceit4oc BBIMOJIHSIOTCS ABA APYTHUX pacyera:

Onpenenenne MunumanbHoro pacxona yepes [IK KJ[ n nanenne BHenHen
AJIEKTPUYECKON Harpy3KH.

3aKphITHE CTOMOPHBIX KJIaaHOB 00enX TypOuH ¢ oTKIoueHneM Beex mectd ['1H u
noreper nutBoAbI [11'-0B.

[Tocne Toro, kKak 3TH pacyeTsl Oy IyT 3aBEPILEHBI U PE3yJILTaThl 00CYKICHH, CEKTOP
MOJATOTOBUT OTUET, JJ1s ipenocTtaBienus AI'AH.

3AK/IIOYEHHUE

Apmsiackost ADC BBIMIOTHSET TPOrpamMMy 10 MOBBIICHHUIO Oe3onacHocTH. Havamy
BBITIOJIHEHHSI MHOTUX MEPOIIPUSATUI MpeAIIecTBYET (Ha 3amajie) mpoiecc
JUIEH3UPOBAHUS, BKIIOYAIONIHH B ce0s1 TOArOTOBKY OTYETOB MO O€30MacHOCTH, aHATIHN3
aBapuiHBIX cuTyauui u T.1. [lpu paccmoTpenun otueToB no 6e3onacaoctu AI'AH
npuoeraeT y OMOIIHY 3aIaIHbIX crienraincToB. B To sxe Bpemst AI'’AH HapamuBaer
CBOM MOTEHIIMAI JIJIs1 BBITIOJHEHUS CAMOCTOSITEIbHBIX HE3aBUCUMBIX PACUETOB M aHAJIM3a
0€301MacHOCTH.

Bo Bpemst usyuenus nunen3snonHoro oryeta no 3amene [1K K] cnermanuctst AI'AH
BBITMIOJTHWIN HE3aBUCHUMBbIE TEIIOTHIPABINUECKHUE PACUeThl MOCIEACTBII HEKOTOPBIX
aBapuii creM, 9TOOBI CPaBHUTH pe3yAbTaThl. [lomyueHHbIC pe3yAbTaThl JAIOT
BO3MOXXHOCTH ObITh YBEPEHHBIM B TOM, YTO YUUTHIBAIOTCA KPUTEPUU TPUEMIIEMOCTH.
[Tpu 5TOM ObLITH OOHAPYKEHBI HEKOTOPBIE ClIa0ble MECTa, MOATOMY JIMIIEH3UAT JOKEH
IPEJICTAaBUTh IONOJHUTENbHbBIE OOBSICHEHUS U IaHHBIE.
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